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1.0 GENERAL OVERVIEW

The purpose and scope of this final report is to provide information on the
Custom Uniform Source Systcm (CSTM-USS-4000). The report includes
documcntation and summaries of the results for the work performed under the
contract. The Annex contain laboratory test findings, photographs, and
drawings of the spherc system.

1.1 Introduction

In carly Fcbruary 1993, Labsphcre was contacted by NASA with a rcquirement
for a uniform radiance source to cover the spectral range from 300 to 2500 nm.
At that time, a system with a Spectraflect™ coated integrating sphere was
discussed. Labsphere was informed later that a Spectralon™ tiled or PTFE lined
sphcrc may be desired. In December 1993, NASA ordered a 40 inch Custom
Unified Source sphere system.

1.2 Functional System Description

The system consists of the following two major subsystcms.

1.2.1 Integrating Sphere Assembly

The Custom Uniform Source System is designed to provide uniform radiance
over the entirc exit port of the 40 inch sphere. Sixteen 45 watt halogen lamps,
powerecd by four LPS-200-H Halogen Lamp Power Supplies, illuminate the
sphere.  Threce SDA-050-U Silicon Dectector Assemblies monitor the output of the
sphere.  The signals from the detectors are monitored by the DM-1000 Dectector
Multiplexers and interprcted by the SC-5000 Integrating Sphere System
Control.

1.2.2 Sphere Electronic Control System

The integrating sphere will be connected to the Sphere Electronic Control
Module.  This modulc will provide power to the lamps and monitor the signals
generated by the detectors.  This module will be comprised of 16 LPS-045-11
Precision Lamp Power Supplies, one SC-5000 System Control, and onc DM-1000
Detector Multiplexer mounted in one or more electronics mounting rack(s).
This cntire module will require 120 volts ac, 60 Hz, power input.

1.3 Summary of Results

The CSTM-USS-4000 mccts and exceeds all performance specifications
according to laboratory results. The system achieved the minimum spectral
radiance output (radiance of the aperture) of 36.0 W-cm-2-nm-l.sr.-1 at 700 nm.
and achicved the radiance uniformity (over aperture) of greater than 98%.
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The Spectral Radiance for the sphere from 300 nm. to 2400 nm. can be found
in Table 1 of Report number 10717-2-1 of Annex A. The system achieved 69.5
W-cm-2nm-l.sr-1 at the 700 nm. wavelength with an estimated total
instrument uncertainty of 2.3%.

The Photopic Uniformity Mapping for the sphere exit port aperture is found in

" Table 1 of Report number 10717-3-1 of Annex A. The system achicved 99%

+/- 0.5% radiance uniformity of the exit port with all lamps opcrating.

2.0 SYSTEM DESCRIPTION

The custom uniform source sphere sysicm includes an SC-5000 Integrating
Sphere Systcm Control and two DM-1000 Detector Multiplexers. Modifications
have been made to all of these units to better integrate and simplify the
system. The following is a list of all components within the system.

System Components
40-inch Sphere Assembly
16 THLS-100-45 Internal Halogen Light Sources
3 SDA-050-U Silicon Dclector Asscemblics
3 Narrow Band Filters - 450 nm, 650 nm and 950 nm Center Wavclength
1 SC-5000 Intcgrating Sphere System Control
4 LPS-200-H Lamp Power Supplics ‘
2 DM-1000 Dctector Multiplexers
6 Power Cords
3 Dectector Cables
4 Lamp Power Cords
S

pectralon™  Tiled Integrating Sphere

The intcgrating sphere assembly is compriscd of an integrating sphere, with
internally mounted lamps and externally mounted dctectors, mounted in an
adjustable carriage.

2.1.1 Integrating Sphere

The intcgrating sphere has an approximate outer diamcter of 40 inches with
an exit aperture of 14 inches. Internal 1o the sphere, a quantity of sixtcen 45
watt  lamps arc mounted concentrically around the exit port on thc front
hemisphecre.  Three silicon dctectors are mounted on the front hemisphere.
Also on the front hemisphere, hardware is mounted to allow for the
attachment of the two exit port apertures.

The sphcre is mounted in a hcight-adjustable carriage with locking casters.
This carriage allows thc center line of the exit port to be adjusted plus or
minus 12 in. from a nominal hecight of 48 in. On two of the swiveling casters, a

. mechanism for locking the swiveling function has bcen provided. In this

way, Lwo of the casicrs can be locked in the horizontal position so that the
sphere's location can bec adjusted on this axis. The other two casters have a
standard locking mechanism that locks the sphere firmly into place. Figure 1
shows the integrating sphcre in its carriage.
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Figure 1. Front View of Custom USS-4000 Integrating Spherc

In order to line the intcrior of the sphere with Spectralon, Labsphere started
with  Spcctralon tiles, machincd into an octagonal shape, approximatcly

5.0 in. across and 3/8 in. thick. These tiles were mechanically fastencd to the
interior of a 40 in. diameter sphere. Because of the thickness of the tiles, the
inner diameter of the sphere was reduced to about to approximately 39 inches.

The tiles are held in place with a fastencr, inserted from the extcrior of the
spherc into the Spectralon tile. Specially designed tiles have been used to
allow for thc mounting and wiring of the lamps and detectors. After the tile
installation was completed, the cntire inside surface of the sphcre was wet-
sanded and cleaned to minimize the optical performance impact of the seams
between the tiles.

2.1.2 SpectralonTM

Spectralon™ is a PTFE based, machinable thermoplastic that exhibits a high
and rclatively flat spectral reflectance over the spectral range from 250 to
2500 nm. Spectralon was thc most durable of the three coatings originally
proposed.  Spectralon is hydrophobic and thermally stable up to temperatures

of 350°C plus.
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2.2 SC-5000 Integrating Sphere System Control

The SC-5000 Integrating Sphere System Control is internally wired to thc DM-
1000 Detector Multiplexers.  Therefore, some of the connections on the back
panel do mot correspond with the SC-5000 instruction manual.

. The Digital Output Control connector is not used to interface the
SC-5000 to any other component. The connection to the DM-
1000 is made internally.

. The Dctector Inputs on the back pancl of the SC-5000 are blanks.
See Figure 2. These inputs are not connected and will not work
with any detector. All detector conncctions to the SC-5000 from
the DM-1000 for this system are made internally.

2.3 DM-1000 Detector Multiplexer

The DM-1000 Detector Multiplexers are internally wired to each other and to
the SC-5000 Intcgrating Sphere System Control. Both the front pancl and the
back panel of thc DM-1000s differ from the standard control as described in

the DM-1000 Detector Multiplexer Manual.

DM-1000 #1 has no back panel controls or conncctors. The front pancl
contains LED’s labeled Voltage 1, 2, 3 and 4 and Current 1, 2, 3 and 4. DM-1000
#1 monitors the voltage and the current of each of the four banks of lamps. A
lit LED for Voltage 1 indicates that the voltage across the line going to lamp
bank #1 is becing monitored. A lit LED for Current 1 indicates that the current
through the lamps of bank #1 is being monitored.

The front pancl of DM-1000 #2 contains LEDs labeled SD1, SD2 and SD3 and Chl,
Ch2, Ch3, Ch4 and Ch5. A lit SD# LED indicates which dctcctor is being
monitored. Ch2 is connected to DM-1000 #1. A lit Ch2 LED indicates that DM-
1000 #2 is recciving voltage and/or current information from DM-1000 #1 and
sending it through thc SC-5000 to a personal computer. The other LEDs
indicatc monitoring of any other instrument attached to the Ch# conncclors
on the back panel of the DM-1000 #2.

The DM-1000 Detector Multiplexers cannot be used without a personal
computer. The system can be used as a uniform source without a personal
computer. However, because the detectors interface with the DM-1000, the SC-
5000 is not capable of displaying the output of the dctectors without a personal
computer.

When developing software to run this system, the following precautions must
be taken.

. A DM-1000 Dctector Multiplexer should only communicaie to
onc port at a time. Any other communication will damage the
system.
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. A program must contain a dclay when instructing the DM-1000
Detector Multiplexer to switch detectors monitored. The DM-
1000 normally opcrates slower than most computers and must
have adequate time to obtain, display and transfer the
appropriate reading to the computer before it receives another
instruction.

. When instructing the DM-1000 to change its monitoring from
Current to Current, Current to Voltage, Voltage to Current or
Voltage to Voltage, the input must be disabled first. After the
change is made, the input must be enabled.

2.4 SDA-050-U Silicon Detector

This Uniform Source System has thrce SDA-050-U Silicon Dectcctor Asscmblics.
Each detector consists of a silicon photovoltaic detector which is mounted in a
housing and designed for monitoring light within the sphere. The detector
assemblics were shipped attached to the sphere with narrow band filters in
place. The following tablc shows thc placement of the filters with the listed

wavelengths.

Detector Assembly Center
Wavclength  of
Filter

SD1 450

SD2 650

SD3 950

Each detector assembly is secured to a 0.5 inch port frame located at the front
of the sphere (see Figure 1). To remove the detector assembly, loosen the two
set screws on the asscmbly.

The dectectors are connected to the back panel of the DM-1000 with detector
cables that have BNC connectors on both ends.

2.4 LPS-045-H Halogen Lamp Power Supply

The LPS-045-H Halogen Lamp Power Supplies will provide a precision
regulatcd DC constant current to within 0.1% of the set current. The power
supplics also incorporate a ramp up feature that, when activated, slowly
applies the current to the lamp over an interval of at least 45 seconds. The
current and voltage to the lamps is monitored internally to the LPS-045-H and
are displaycd on thc LCD screen.  Additional information regarding thesc
power suppliecs can be found in the applicable manual.

3.0 SYSTEM OPERATION

The Custom Uniform Source System is designed to achieve uniform radiance.
Each power supply controls one bank of four lamps. To achieve desired

outputs, turn on a combination of power supplies that approximates the desired
output.
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3.1.1 Sphere

The mounting scheme of the US5-4000 Uniform Source System is intended
for floor use. The sphere is mounted to a steel frame that is connected to a
sturdy square base with casters for facilitated movement. The sphere's height
may be adjusted by turning the height adjustment handle at the center of the
sphere carriage (see Figure 1).

3.1.2 DM-1000 Detector Multiplexer

The DM-1000 Dectector Multiplexer is used to multiplex the signal from the
three detectors to the SC-5000 system control. The user will have the option of
either monitoring all three detector sequentially or to lock on to any one of
the three detectors. Additional information on the DM-1000 Detector
Multiplexer can be found in the applicable manual.

3.1.3 SC-5000 System Control

The SC-5000 System Control provides the read out for the detectors as well as
provides the interface from the NASA supplied computer to the power supplies
and the detector multiplexer. The SC-5000 has both an IEEE-488 and a RS-232
computer interface built in.  Through the SC-5000, the user will have access to
the on/off function on all of the power supplies, the functions on the detector
multiplexer, and all thc functions in the SC-5000 itself, via a computer.
Additional information on the SC-5000 System Control can be found in the
applicable manual.

4.0 SYSTEM DOCUMENTATION
Labsphere has provided the following system ddcumcmation.
4.1 System Manual

The system manual provided with the sphere, gives instructions for
connecting the systcm's power and interfacing cables.

Instructions on how (o manually and remotely operate the SC-5000 Integrating
Sphere System Controls, DM-1000 Detector Multiplexer and LPS-045-H Halogen
Lamp Power Supplies are contained in the manuals specific to those
instruments.

4,2 Calibration Certificate

This document provides the actual calibration values based on
instrumentation readings in Labsphere's Optical Calibration Laboratory.  The
equipment and methods used in this laboratory are traccable to the U.S.
National Institute of Standards and Technology (NIST).
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4.3 System Drawings

System Drawings are qtlachcd as Annex C and include the following drawings:
. CY-01446-060 SPHERE ASSY,CSTM-US-400-SL-TILED (2 Sheets)
. CY-01447-000 CARRIAGE ASSY, HA-400

Drawings are identified by a unique Labsphere part number., The explanation
of the numbering system is as follows:

CY- XXXXX-YYY
CA = Customer Assembly

CYy

Customer Subassembly
CM = Customer Machined Part
XXXXX is sequential number assigned.

YYY is lower level number

ANNEX A CALIBRATION CERTIFICATE
ANNEX B  SYSTEM PHOTOGRAPHS

ANNEX C  SYSTEM DRAWINGS
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ANNEX A

CALIBRATION CERTIFICATE
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CALIBRATION CERTIFICATE REPORT NUMBER: 10717-2-1
: DATE OF CALIBRATION: 01/03/93
PAGE 1 OF 3

RENDERED TO: NASA Goddard Space Flight Center
AUTHORIZATION: Purchasc Order NAS5-32349
CALIBRATION LABORATORY: Labsphere, Inc., Optical Calibration Laboratory

CALIBRATED SYSTEM OR STANDARD
CSTM-USS-4000, Custom Uniforin Source, Serial Number: 002309

CALIBRATION REQUESTED
USC-SR, Spectral Radiance

APPLICABLE DOCUMENTS
MIL-STD-45662A
Labsphere #QP-13001-00 Final Visual/Mcchanical Inspection

TEST AND TEST METIIOD

The spectral radiance of the sphere is calibrated with cquipment and methods traceable to the U.S. National Institute
of Standards and Technology (NIST). Data is presented from 300-2400nm . ‘The calibration is valid for 50 hr's. of
operation. The radiance drifl is approximately [% for 50 hr's. aller warm-up for most wavclengths.

The measuring instrument is a scanning, dispersive spectroradiometer. A three mirror input optics system illuminates
a diflvaction grating monochromator. Long pass order sorting filters are used at the entrance slit to reduce stray light.
A mechanical chopper provides a modulated reference signal. The complele spectral measurement range requires
two photo detectors and two diffraction gratings. Signal conditioning clectronics include low noise, high impedance
preamplificrs and a single phase lock-in amplifier. Instrument calibration is performed by viewing a diffuse target of
known spectral reflectance illuminated by a calibrated lamp of known spectral irradiance. The reference radiance is
piven by the product of the target reflectance and the lamp irradiance divided by nt.

‘I'he measurcd field-of-view is 25 mm x 6 mm. Spectral radiance measurcments arc perfonmed for this ficld ol view

positioncd at the center of the planc of the integrating spherc exit port.

CALIBRATION RESULTS
Sce Table I "Spectral Radiance”

ESTIMATE CALIBRATION UNCERTAINTY .
Sce Table H "Estimated Spectroradiometer Uncertainty”

CAUTION:
This calibration is only valid or the lamp used in the calibration.
Do not touch the bulbs with bare hands as the oils in the skin may damage the lamps.

This certificate shall not be reproduced except in full, without the written approval of Labsphcre, Inc.

(:a“brﬂ[cd bywm‘ﬂg’e Approved l‘)y: ,,..? m 2 (/. )
'Iiﬂc (o} ‘CO.\ G;,hbl‘a:t‘lu -~ 50‘501\(8{'

itle: ) LT E C -
E;‘°5a/§‘,f;q,i{'A i ARIEIY TE AT gAY Diilcror;oq /a4

lahsuhere

P.O. Box 70 No. Sutton, N.IH. 03260
Tel 603-927-4266
Fax 603-927-4094
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Table 1
Spectral Radiance

= CSTM-USS-4000
Al Lamps Opcrating
Wavelength Spectral Radiance

— nm RW/cm?-sr-nm

o 300 0.594

- 310 0.863
320 1.06
330 1.27

- 340 1.66
350 2.11

— 400 6.08
450 13.4
500 238

- 555 36.7

. - 600 471

: 655 60.2

- 700 69.5
800 §4.2

" 900 89.9

=
1050 93.0
1150 92.7

= 1200 89.8
1300 822
1540 59.2
1600 : 529

= 1700 42.6

- 2000 231
2100 17.2
2300 144
2400 11.8

The CSTM-USS-4000 calibration is only valid with the IHLS-DM-045SL, 45W lamps operaling at 6.60 amps.

labsnhere

P.O. Box 70 No. Sutton, N.H. 03260
- Tel 603-927-4266
Fax 603-927-4694
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CALIBRATION CERTIFICATE

Table 11
Estimated Spectroradiometer Uncertainty

3 sigma
fractional
uncertainty
in percent

[T HON T

L

{

"
u

Wavelength 350 6546 900 1300 10600 2000 2400
nm mm onm oam oam omoonm

Systematic Errors

Irradiance of Standard Lamp 1.22 113 1.47 157 201 337 055

Tarpet Reflectance 1.5 1.5 1.5 1.5 1.5 LS 060

Non-Linearity of 1.0 1.0 1.0 0 10 [0 10

Deteclors/Amplificrs

Random Errors

Lamp Current Sciting 0.19 019 019 019 019 019 0.19

Lamp Current Drift 0.06 0.03 002 002 000 o000 00!l

Lamp Relerence Distance 0.60 0.60 060 0060 0.60 0.060 0.60

Monochiromator Wavelength 0.85 049 033 092 075 0060 0.50

Sctting

Total Precision .06 080 071 1.1l 098 087 0380

\
Total RSS Mcasurcment 242 227 243 204 287 392 9.0l

Uncertainty

{1

1

lahsohere

I2.0. Box 70 No. Sutlon, N.11. 03260
Tel 603-927-4266
IFfax 603-927-4694
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CALIBRATION CERTIFICATE REPORT NUMBER: 10717-3-
: DATE OF CALIBRATION: 01/03-94
PAGE 1 OF 2

RENDERED TO: NASA Goddard Space Ilight Center
AUTHORIZATION: Purchase Order NAS5-32349
CALIBRATION LABORATORY: Labsphere, Inc., Optical Calibration Laboratory

CALIBRATED SYSTEM OR STANDARD
CSTM-USS-4000, Custom Uniform Source, Serial Number: 002309

CALIBRATION REQUESTLED
USC-PM, Pholopic Uniformity Mapping

APPLICABLE DOCUMENTS
MIL-STD-45662A
Labsphere #QI*-13001-00 Final Visual/Mcchanical Inspection

TEST AND TEST METHOD

Uniformity mappings arc performed in the Optical Calibration Laboratory. All calibrated equipment used for the
calibration has traceablility to the National lnstitute of Standards and T'echnology.

The calibration is performed using a tclephotopic luminance meter mounted on an XY station sct-up at a distance of 6
inches, to scan the exit port of the sphere imaging the integraling sphiereexit port with a 2 diameter spol size.
Data point separation is 0.1 of the exit port diameter. Data is prescnted as a map normalized to the luminance at the

center position of the cxit port.

CALIBRATION RESULTS
Sce Table |

This certificate shall not be reproduced except in (ull, without the written approval of Labsplicre, Inc.

Calibrated b\ M% /’7 Approved by: PV KL

Title: 5P EeAl C Y Title: aptica! Cols l;xv-'ru,\ &En mccr‘
Dalc: C{/; /Lq r)‘l [‘ L[()'UTuHNL(Iﬁ Datc: olF/oq/qq J

lahispliere

P.O. Box 70 No, Sutton, N.H. 03260
Tel 603-927-4266
FFax 0603-927-4694
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CALIBRATION CERTIFICATE

Table 1
Axial Uniformity Mapping

Luminancc at the centerof the exit port: 7380 foot-lamberts

‘d‘ bl

(

i

[

I

Map Key
| F E E G A 100.0%
B 99.9%
G D B B B C G C 99.8%
D 99.7%
J G B A A A B B G L 99.6%
F 99.5%
I D A A A A A B F G 99.4%
- I 99 3%
H C A A A A A C E ] 99.2%
J 99.1%
I D B A A A B C E K 99.0%
J E B B B B C E 1
H E C B C E G
K G F F H

The calibration was performed with all lamps operating.
The 10 inch diameler exit port aperiure plate was mounted through the cglibration

labsnhere
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ANNEX B

SYSTEM PHOTOGRAPHS






LI

A
R

1

b

i

3

i

G

Doc. No: LAB.RP.10717-1
Issue: Final
Date: 02/15/94

ANNEX C

SYSTEM DRAWINGS
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__(ﬁ. ) . Sf&éle Lawvel EOM for Part CY-01447-000 Carriage assy,40.00
: I STANDARD 40 (MCH CARRIAGE MODIFIED TO BE HEIGHT nDJ . HOMINAL
b L HIETGHT +-18 INCHES
< N Effective as of 01-05-94
-{ Fal Companant Component Itoem Desc Urt Type Quantity Re
: Ir— th—"_ —i tew N'Jl‘llbf-‘t" o T i ST ST W—éﬁN- CpN N pé?’ f).‘SSy De
[ S
. ;_____g_gwgrt 045Z2-0 to _“_._Upr 1ght yFrame _-_Ee_ Fr &.000
- 02 CHM-0633Z-010 Battom,Frame EA Fi 1.000
=ﬂ 03X CM-046524-010 Gussat, Frame EA FPM Z.000
b‘r:, 04 CH-0&6535-000 . Slide » o EA FIi 4.0010
u%  CHM-0&524-00U0 2lide EA FH 2.00«0
(RF-) CHM-046537-010 Bracket,Side ERn Fti &S50
h-r i a7 CN—0_588-91Q_ _ Etracket, Bottqm EA  FM 1.000
| 0323 CHM-046537-010 Plate,Caster EA FM 4 .300
o Qv Cp~045%0~-010 Block ,End,Zcrew EA Fid .00
—-— iD CH-0&521-000 Cap, Thrust UWasher EA Fi 2 .020
Lol 7T TTEMSBAESE000 T T Ehaft, Pullay ’ T EAFM 1.000
'?ul i3 CH-04&574-000 Shatt,Worm EA Fii 1.300
:;;n'“w_jg CHM-0&5%5-000 Bushing,Worm EA  FN 2.0u0
- 14 TCHM-0&59 4~ ~00o0 Mod . ,Carriage (SA=] Fid 1 .00
o 1% CH-0A&E87-010 Block Limit EA FM &.000
ST 16 CH-06454-000 Bushing,Shaft,Sear EA FH {.00n
;:LJ“” 137 ERZ04657-000 T T BLshikg, Shaft, Geair T 7T TEAT R 100077
e i3 Ci-06453-000 Mod . ,Wormgaar EA FH {.000D
. Lﬁ i CHM-04&65%-010 Cover ,Wormgear EA FHM 1.000
i { 20 CM—GZ&&O—GTO'W“m—""mBFEEE{SH5¥T"”"“w"“"“L" TTTTTEATTRFM 100N
{ a8 CM-04&464-010 Gusset ,Frame,Connectors EaAa  Fi 1.000
! 2% CHM-0&6670-010 Spacer,Framsz EA  FM 1:33.000
i 24 cmfod&7icout” 7T TEhroud, Connector “EA FM 4.000
”'LJ 25 ¥PP-005327-000 Caster,4D.,4Pos SWVULCK Ea HU 2.000
P 26 PP~0QUS25-000 Caster , 4D. ,2wivel w/Brake EA H & .000
,‘“‘ - e7 PP-00532-000 Pulley,Belt, 13 Tooth i"""'EA'"HU o 4,000
- 22 PP-0US24-000 Eushing, Tapeared Ea Hu 4.000
P 29 PP-005Z3Z-000 Belt,Timirg,Z/3 Pitch Ea HY 2.000
;Jr TUTTEG T PP-00524-000 Ball Screw,5/8":xZ0" TTUEATTHW T T 2.00Q
iﬁ : 71 PP-005Z5-000 Ball Nut,5/2" w/Flange EA  HUY 2.000
i', 22 PP-00U529~-000 Gear ,Worm EA HuW 1.000
- [TTTTRETPP-00520-000 TT Worwm ” EA HUY 1,000
{'[ Z4 PP-00SZx1-000 Bearimng, Thrust EA H &.000
“{.f i5 EC-120Z3%-012 Crn , 7 7 =3 1ugn—16—11P—A79 EA EL. 4000
p4 TTTE4 TTPP-0055E-00U Rey, /127 1 8 ST TEA 1.000
. | 27 HW-00012-D10 Scr,PRF1h 1/74-20x0.753 EA H) 14.0010
-— £ HW-0000UY-00U e, SohiCap Z/E-146%x0.758B EA HW 14.000
pool =977 CcM- 0A“°1—010 """ T Plate, Tersioner T £ FH 4 ,.000
' CM-0L722~-000 Spacer, Tensionar Er Fr 18 .000
i 41 CH—O&?EZ—QDD Foller, Tensioner EA FiM 3.000
42 " HU=FOoeDB-0us Seor, Scheap 4-40x0.23B° 7 777 EA HU 114.000
7jm 4.7 HW-00007-014 Scr,PRhRFEl1l 3-22»x0.508 EA HU 28 .1300
. q4 HW-000O7-015 Ser , PRHFl1Rh £-22x0.3258B EAa HUu 57 .00
- 45 HW-00037-004 Ser,Schecap 3-3I2x0.508 EA HW 27.009
4} s HW~-0ZUUZ-001 Wshr ,Flat #% B EA H 27 .00u
- S HWU~-00005 -1 Scr, Prbdgh 4-40%x0. 238 EA HUJ 4.000
— 4z HJ-oQoi12-ou7 o, SchCap 1/4-201C0 .75 Ea HU oLouuyg
o 50 HW-0100:3-000 Mt ,Hex 1/4-50x0 .44 5 ’ EA H 3 .0013
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